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1 Introduction

In RAN1#90, the following were agreed [1]: 
Agreements:
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· The sequence length of 12 REs with consecutive mapping within a PRB is at least supported.

· Further study 24 or 48 REs.

· Further study for multiplexing b/w sequence-based short-PUCCH and other sequences using CDM or FDM (DMRS for PUSCH/PUCCH, SRS, long-PUCCH).

· Including comb-structure

· For the sequence length of 12 REs,

· The supported number of base sequences is 30

· The number of cyclic shifts available for one base sequence is 12
This contribution is revised from [2] and discusses remaining design aspects on 1-symbol short PUCCH for UCI of 1 or 2 bits. 

2 Remaining Design Aspects
The number of 1-symbol PUCCH formats

It has been agreed in [3] that UCI payload size supported by short PUCCH can be up to a few tens of bits. For 1 or 2 bits, a PUCCH format based on CAZAC sequence selection will be used. For more than 2 bits, even though the coding method can be variable depending on whether or not the maximum supported UCI payload is more than 11 bits [4], a single transmission structure can apply using FDM between DMRS and UCI carriers.
Proposal 1: For 1-symbol PUCCH, support two formats,
· Format 0 for UCI payload size ≤ 2 bits using sequence selection.

· Format 1 for 3 bits ≤ UCI payload size ≤ X bits using FDM between DMRS and UCI carriers.

The remaining of this contribution focuses on PUCCH format 0.

Type of UCI on PUCCH format 0
It was agreed in RAN1#89 that beam failure recovery request can be transmitted either on PUCCH or on non-contention based PRACH channel. The discussion on the payload size required for transmission of beam failure recovery request is still ongoing and currently there are two options for the payload size; i) 1-bit indication for a single DL beam and ii) multi-bit indication for multiple DL beams. If 1-bit is agreed for the payload size of the beam failure recovery request, it can be supported by1-symbol PUCCH format 0. However, as discussed in [5], using multiple bits for the beam failure recovery request is more beneficial than using 1-bit in terms of the overall beam management procedure.

Proposal 2: In NR phase I, UCI transmitted on 1-symbol PUCCH format 0 with sequence selection includes only HARQ-ACK, SR, or HARQ-ACK and SR.
PRB size
The motivation adopting Option 4 for 1-symbol PUCCH format 0 came from its potential gains such as BLER, PAPR, and multiplexing gain as compared to Option 1. The number of PRBs supported by 1-symbol PUCCH format 0 should be decided with consideration of the link budget. A number of PRBs larger than 1 unnecessarily increases overhead without improving link budget or multiplexing capacity. Therefore, as for the long PUCCH for supporting 1-2 UCI bits (regardless of the number of symbols), 1-symbol PUCCH format 0 should use 1 PRB.
Proposal 3: The number of PRB for 1-symbol PUCCH format 0 is 1.

Type of sequence
In LTE, a Zadoff-Chu sequence has been used when the number of PRBs is larger than or equal to 3, and a computer generated sequence (CGS) has been used when the number of PRBs is less than 3. These sequences can provide good PAPR/CM performance. So, the sequences adopted in LTE may be reused for 1-symbol PUCCH format 0. On the other hand, new sequences have been proposed in [6] and [7] for 1-symbol PUCCH format 0 and it was observed in [7] that the CGS sequences proposed in [6] provide better PAPR performance than the 24 sequences given in [6]. Our evaluation results show similar observation to [7] as given in Table 1.
Table 1: Performance comparison assuming 1 PRB
	Metric
	[7]
	[6]
	LTE

	Mean PAPR [dB]
	2.5019
	3.0717
	3.9775

	Max. PAPR [dB]
	2.6150
	3.0911
	4.1338

	Mean CM [dB]
	0.2817
	0.8831
	0.6975

	Max. CM [dB]
	0.4059
	0.9203
	1.0261

	Cross correlation 95% tile
	0.5317
	0.5026
	0.5271

	Max. Cross correlation
	0.6818
	0.7087
	0.6847


Observation 1: CGS sequences in [7] have better PAPR performance than CGS sequences in [6] and in LTE.

Proposal 4: Consider adopting CGS sequences different than the LTE ones for PUCCH format 0.
Multiplexing with SR

For 1-symbol PUCCH format 0 using 1 PRB, 1-bit HARQ-ACK can be transmitted with two different cyclic shift (CS) values, e.g., {0, 6} and 2-bit HARQ-ACK can be transmitted with four different CS values, e.g., {0, 3, 6, 9}. In case of SR transmission only, similar mechanism to LTE can be used, e.g., a positive SR is transmitted on the SR resource which can be a frequency resource or a cyclic shift value designated for SR transmission, and a negative SR is not transmitted (on/off keying).
Assuming that SR is transmitted in PRB #N and HARQ-ACK is transmitted in PRB #K, for multiplexing of 1- or 2-bit of HARQ-ACK with SR, there could be several alternatives as follows:

· Alt.1: As shown in Figure 1(a), HARQ-ACK is transmitted on PRB #N which is the resource designated for SR transmission (similar to LTE). Alt.1 decreases SR multiplexing capacity on SR resource because gNB does not know whether or not a UE transmits the positive SR and 4 CS values intended for HARQ-ACK transmission (2-bit case) always need to be reserved for the UE irrespective of whether the positive SR occurs. So, maximum 3 UEs can be multiplexed on the SR resource. Alt.1 requires 2 PRBs; one for SR transmission only or HARQ-ACK with a positive SR (PRB #N) and the other for HARQ-ACK only (PRB #K).
· Alt.2: Different from Alt.1, HARQ-ACK is transmitted on PRB #K which is the resource designated for HARQ-ACK transmission as shown in Figure 1(b). Similar to Alt.1, gNB does not know whether or not a UE transmits the positive SR and when 8 CS values always need to be reserved for the UE irrespective of whether the positive SR occurs. So, HARQ-ACK multiplexing capacity on HARQ-ACK resource decreases. Alt.1 requires 2 PRBs; one for SR transmission only (PRB #N) and the other for HARQ-ACK only or HARQ-ACK with a positive SR (PRB #K).
· Alt.3: As shown in Figure 1(c), additional PRB (e.g., PRB#L) is used for HARQ-ACK transmission with a positive SR and different from Alt.1, SR multiplexing capacity on SR resource can be maintained. However, 3 PRBs (assuming that 1 PRB is used for each transmission) should be allocated to UE and more frequency resource than Alt.1 is needed.
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[image: image2.emf]
(b) Alternative 2

[image: image3.emf]
(c) Alternative 3
Figure 1: Possible alternatives for multiplexing of HARQ-ACK and SR
Proposal 5: Support Alt. 1 for multiplexing of HARQ-ACK and SR in 1-symbol PUCCH format 0.

3 Conclusion
This contribution has discussed remaining design aspects on 1-symbol PUCCH for UCI of 1 or 2 bits and we have proposed the following:

Proposal 1: For 1-symbol PUCCH, support two formats,

· Format 0 for UCI payload size ≤ 2 bits using sequence selection.

· Format 1 for 3 bits ≤ UCI payload size ≤ X bits using FDM between DMRS and UCI carriers.

Proposal 2: In NR phase I, UCI transmitted on 1-symbol PUCCH format 0 with sequence selection includes only HARQ-ACK, SR, or HARQ-ACK and SR.

Proposal 3: The number of PRB for 1-symbol PUCCH format 0 is 1.

Proposal 4: Consider adopting CGS sequences different than the LTE ones for PUCCH format 0.

Proposal 5: Support Alt. 1 for multiplexing of HARQ-ACK and SR in 1-symbol PUCCH format 0.
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